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Abstract
In the classroom environment, the main objective of teachers is to help students learn and understand certain concepts and topics 
given in class. The manner in which these topics are presented could affect the ability of students to retain the information 
discussed by their teachers. Based on a study done by Jonah E. Rockoff on the impact of individual teachers on student 
achievement, teacher quality does have a significant effect on test results of students[1]. Another study done by Nye, 
Konstantopoulos, and Hedges states that teachers accounted for about 13% of the variance in student mathematics test score 
gains[2]. Given that students respond differently to different professors, it would be beneficial to look into the measurable 
characteristics which make teachers different from each other. Since a major part of the classroom method of teaching involves
teachers and professors speaking in front of their students and a lot of students depend on this to remember and recall their 
lessons. It is therefore necessary to know the most effective way to present the information verbally so that both the students and 
the teacher could achieve their goals of receiving and delivering information. This study focused on the voice characteristics of a 
speaker and it study aims to discover if some voice characteristics such as frequency and gender of the speaker have an effect on 
memory retention. A total of 120 college students were asked to listen to recordings of 50 random duo-syllabic words of one of 
the four different voice types. The voice types were high pitched female, low pitched female, high pitched male and low pitched 
male voices. The participants were made to list down as many words as possible by memory. Using analysis of variance, the 
average score of all respondents was 10.625 and the standard deviation was 5.483. The scores ranged from 3 to 33, and the 
median was 10. The p-values of the gender of the listener and the interaction of the gender of the listener with the voice type of 
the speaker were 0.473 and 0.291, respectively. Given a 95% level of significance, these factors have no significance. As for the 
voice type of the speaker, with a 0.021 p-value, it is concluded to have significance. High pitched male voice had the highest 
mean score of 12.5 and low pitched male voice had the lowest means score of 8.48. It was also observed that regardless of 
gender, both high pitched voices had higher mean scores than the low pitched voices.
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1. Introduction
There have been several studies regarding auditory attention and memory. The first step to stimuli being 
eventually processed into memory is the through sense receptors, which are the organs that receive them. The 
mouth, eyes, nose, and skin then pass on these stimuli through nerves to the brain, which houses the sense register. 
The human sensory register has an outstanding capacity of processing visual, auditory, tactile, and other such 
information simultaneously[3]. The problem is, however, that these are only stored for a few seconds time, with 
auditory information only being kept for up to four seconds. These are then lost quickly if attention is not used to 
transfer this information from the sensory register to working memory.
Attention, therefore, is also crucial to retention[4]. A problem however, is the fact that people and students in 
particular, have attention spans that steadily decrease over time, peaking at fifteen minutes at the beginning of a 
lecture and finally dropping to around three or four minutes at the end[5]. This makes it difficult for students to 
effectively recall parts of verbal lectures, as the stimuli is picked up by their auditory registers, only to be discarded 
a few seconds after. Keeping people’s attention is key element in memory retention, as it is a limited resource which 
is quickly drained as time goes on and as more stimuli is processed. 
Despite the prevalence of more modern methods of learning such as reading lecture slides and videos, a lot of 
students and professors still rely on classroom lectures in order to develop a deeper understanding of topics in 
school. Both teachers and students aim to effectively exchange information in the classroom, which make 
conversations essential for learning.
2. Problem statement
Based on a study done by Jonah E. Rockoff on the impact of individual teachers on student achievement, teacher 
quality does have a significant effect on test results of students[1]. Another study done by Nye, Konstantopoulos, 
and Hedges states that teachers accounted for about 13% of the variance in student mathematics test score gains[2]. 
Given that students respond differently to different professors, it would be beneficial to look into the measurable 
characteristics which make teachers different from each other. This study will focus on the voice characteristics of a 
speaker and it study aims to discover if some voice characteristics such as frequency and gender of the speaker have
an effect on memory retention.
3. Significance of the study
In the classroom environment, the main objective of teachers is to help students learn and understand certain 
concepts and topics given in class. The manner in which these topics are presented could affect the ability of 
students to retain the information given in class. It is therefore necessary to know the most effective way to present 
the information verbally so that both the students and the teacher could achieve their goals of receiving and 
delivering information.
This study aims to determine if voice gender has any relation with memory retention. The results of this study 
could help us find the most effective way to present lectures to a gender specific group of students. This will be 
beneficial to both the teacher and the students because the application of these results could greatly affect the 
achievement of their goals on teaching and learning.
4. Methodology
The study used of a voice recording device to record and analyse four voices, one high pitched male (HPM), one 
low pitched male (LPM), one high pitched female (HPF), and one low pitched female (LPF).
Table 1. Voice Types and Average Pitch.
Voice Type Average Pitch 
(Hz)
High pitched male (HPM) 157
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Voice Type Average Pitch 
(Hz)
Low pitched male (LPM) 52
High pitched female 
(HPF)
241
Low pitched female 
(LPF)
163
The speakers recorded the same fifty duo-syllabic words. A total of 120 random college students were then 
selected to listen to the voices. Before listening to the recordings, they were asked for their age and gender. Each 
subject was asked to listen to either one of the recordings of the fifty randomly selected words. They were advised to 
wear earphones or headphones, to let the recording load completely to avoid interruptions, and to only play the 
recording once before listing down all the words they remembered. 
The group used the following formula to determine sample size
2
2
* (1 )n Z p p
c
 
(1)
Where
n = sample size
Z = Z value for selected confidence interval
p = percentage picking a choice expressed as a decimal
c = confidence interval expressed as a decimal
With the following parameters, Z = 1.96 for 95% confidence level, p of 0.5, and c of .1 for confidence interval of 
±10%, the group obtained a required sample size of 96.04, which is rounded up to 97. The group aimed to have an 
equal number of male and female respondents for each voice type as this study also looks into the relationship 
between the listener’s gender and speaker voice type.
The scores of each respondent were recorded and checked in a spreadsheet which also contained the 
corresponding factors that were applied in the test. Each word was checked if they were indeed present in the 
recording. Misspellings and words which were mistaken as plural (by adding an “s”) were considered correct. For 
example, jacket and jackets were both be considered correct. The results were analysed through two factor ANOVA 
with interactions. The result being measured was tagged as score, with the two factors being the gender of the 
listener, either male or female, and the voice type, from high pitched male, high pitched female, low pitched male, 
and low pitched female, that they listened to. The interaction between these two factors was also tested.
Let
H0: u1 = u2
H1: u1 X2
Where u is the mean score for gender of listener 1, male, and gender of listener 2, female. This could also be 
applied for the pitch level of speakers, 1, high and 2, low. Likewise, let
H0: u1 = u2 = u3 = u4
H2: u1 X2 X3 X4
Where uj is the mean score for voice type 1 to 4, which corresponds to the voice types HPM, LPM, HPF, and 
LPF respectively. And finally, let
H0:uij= uij
H3:uijX ij
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Where uij is the mean score for the interaction of gender of listener i with voice type j.
Should any of the null hypotheses be rejected at an alpha level of 0.05 (resulting p value of a factor is below 
0.05) after the application of ANOVA, the group will then show a boxplot to see the mean scores of each levels of 
factors. The levels that resulted in higher scores would indicate that they are better for memory retention. Otherwise, 
the group will fail to reject all the null hypotheses and conclude that the voice types of speakers and the gender of 
listeners do not have a significant effect on the scores of the respondents.
The group also calculated the effective fractional error for the sample size of 120 using the equation:
tsn
kX
 
(2)
Where
n = sample size
t = t-score
s = standard deviation
X = mean
The resulting fraction of x-bar, k, was 0.8% 
5. Results and discussion
The results for 120 respondents were obtained. The distribution of respondents with parameters of listener gender 
and speaker voice type is shown in Table 2. 
Table 2. Distribution of respondents.
Voice Type Male Female Total
HPM 12 18 30
LPM 15 15 30
HPF 15 15 30
LPF 13 17 30
Total 55 65 120
The average score for all respondents was 10.625, with a standard deviation of 5.483 (see Figure 1). The scores 
ranged from 3 to 33, and the median was 10. The data was further analysed through the use of ANOVA. 
However, in order to use ANOVA, the assumptions regarding the data’s normality, independence, and 
homogeneity were checked.
For normality, following the central limit theorem, the data is assumed to be normal since it has 120 data points, 
which is greater than 40. [6]
For independence, Chi Squared Test for Association was used, with the two categories being voice type of 
speaker versus the gender of listener. The null hypothesis as the variables were independent and the alternative as 
the variables were related. After applying the test, the corresponding P value was 0.736, which is above 0.05, 
meaning we do not reject the null hypothesis and that the variables are indeed independent of each other.
For homogeneity, Levene’s test was used to check for equality of variances among the four voice types. The null 
hypothesis is that the variances are equal and the alternative hypothesis as otherwise. With a significance level of 
95% and a p-value of 0.113, the null hypothesis is not rejected. Therefore, it is homogenous (see Figure2).
1507 Patrick Ryan Samoza et al. /  Procedia Manufacturing  3 ( 2015 )  1503 – 1510 
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Median
Mean
11.511.010.510.09.59.0
1st Q uartile 7.000
Median 10.000
3rd Q uartile 13.000
Maximum 33.000
9.634 11.616
9.000 10.000
4.867 6.281
A -Squared 3.97
P-V alue < 0.005
Mean 10.625
StDev 5.483
V ariance 30.068
Skewness 1.72767
Kurtosis 4.14830
N 120
Minimum 3.000
A nderson-Darling Normality  Test
95% C onfidence Interv al for Mean
95% C onfidence Interv al for Median
95% C onfidence Interv al for StDev
95% Confidence Intervals
Summary for Scores
Fig. 1. Summary of scores.
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Test Statistic 13.59
P-Value 0.004
Test Statistic 2.03
P-Value 0.113
Bartlett's Test
Levene's Test
Test for Equal Variances for Scores
Fig. 2. Levene’s test for homogeneity of ANOVA of initial results.
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The result of ANOVA showed that two factors, the gender of the listener and the interaction of the gender of the 
listener and the voice type of the speaker, have p values of above 0.05 (see Table 3). As mentioned in the 
methodology, given that the study aims for a 95% significance level, the null hypotheses from these two factors are 
not rejected. Therefore, the mean scores of the respondents due to the effect of these two factors do not have a 
significant difference. However, the voice type of the speaker, with a resulting p value of 0.021, was seen to have a 
significant effect on the scores of the respondents. Its corresponding null hypothesis was therefore rejected, and the
alternative hypothesis was accepted.
Table 3. Results of ANOVA.
Source DF AdjSS AdjMS F-Value P-Value
Listener 1 14.85 14.85 0.52 0.473
Voice 3 289.64 96.55 3.38 0.021
Listener*Voice 3 108.24 36.08 1.26 0.291
Error 112 3201.42 28.58
Total 119 3578.13
Model Summary
S R-sq R-sq(adj) R-sq(pred)
5.346141 10.53% 4.94% 0.00
Omitting the insignificant factors from the analysis, the second round of ANOVA showed that even after 
removing the other factors, the voice type of the speaker still has a significant effect on the mean scores of the 
respondents since it obtained a p value of 0.035 (see Table 4).
Table 4. ANOVA for voice type of speaker considering gender and pitch level.
Source DF AdjSS AdjMS F-Value P-Value
Voice 3 254.9 84.98 2.97 0.035
Error 116 3323.2 28.65
Total 119 3378.1
Model Summary
S R-sq R-sq(adj) R-sq(pred)
5.35239 7.13% 4.72% 0.59%
The four factor levels for the voice type of the speaker, namely HPM, LPM, HPF, and LPF, were then selected 
for further analysis. Mean scores for each voice type were plotted in a boxplot to show which type resulted in the 
highest scores (see Figure 3). The results of the boxplot showed that the high pitched male voice with a mean score 
of 12.5 resulted in the highest mean scores. Meanwhile, the lowest scores came from the low pitched male, with a 
mean score of 8.48. 
In addition, high pitched voices, with recorded frequencies of 241 Hz and 173 Hz for HPF and HPM, 
respectively, resulted in higher mean scores. Meanwhile, the low pitched voices, with recorded average frequencies 
of 163 Hz and 52 Hz for LPF and LPM, respectively, and the low pitched male voice in particular, resulted in lower 
scores. Another ANOVA test was made with only two levels, namely high pitched and low pitched levels.
The results of the analysis showed that pitch, either high or low, regardless of speaker gender, was a significant 
factor in the test scores of the respondents, as it had a p-value of 0.018, lower than the 0.05 needed to reject the null 
hypothesis (see Table 5).
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Fig. 3. Boxplot of mean scores of respondents vs voice type of speaker.
Table 5. Anova for speaker pitch.
Source DF AdjSS AdjMS F-Value P-Value
Pitch 1 165.7 165.7 5.73 0.018
Error 118 3412.5 28.92
Total 119 3578.1
Model Summary
S R-sq R-sq(adj) R-sq(pred)
5.37765 4.63% 3.82% 1.37%
6. Conclusions
Based on the results of the tests, the group concludes that speaker voice type does have an effect on the scores of 
the respondents, while the other factors, gender of the listener and the interaction between voice and gender, do not. 
This implies that different voice types attract different levels of attention, leading to different levels of memory 
attention. Voice pitch, the main quality observed in the study, seems to have a relationship with test scores, with 
higher pitched voices resulting in higher scores. However, the group cannot conclude that speaker voice type is the 
only factor in memory retention, although it is a significant one, as shown by the previously discussed ANOVA 
results.
7. Recommendations
After discovering that the type of the speaker’s voice has an effect on the memory of the students, the group 
would like to recommend future researchers to conduct studies in order to discover the specific range of vocal 
frequencies that would result in better memory retention, given that higher pitched voices were found to give the 
best results. Perhaps the method of constant stimuli, with either constantly increasing or decreasing frequencies, 
instead of having levels and factors would be effective in discovering which frequency gives the best test scores.
Having a more controlled experiment set up could also lead to more accurate results. Having factors such as 
noise, recording volume, and listening equipment constant would reduce variability due to such extraneous factors. 
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This could be done by having the study be done in one place such as a classroom or recording studio, with the 
researchers being present while the subjects listen to the recordings. Also, a stricter implementation of the 
instructions, such as only listening to the recording once, would also be achieved in such a set-up. This type of 
controlled environment could also be applied to any future related studies. 
Also, a more subjective test could be applied in order to check which type of voice students find more pleasant or 
appealing, since it has been suggested by previous studies that the quality of voices might have an effect on memory 
of listeners. Randomly selected voices, preferably of professors and teachers, might be analysed for average speed, 
pitch, and volume, before being recorded and sent to various students to see which one they would find ideal.
Finally, another possible study would be to check if the results of this study apply to other age groups. Since this 
study focused on people with ages ranging from 17 to 23, it is possible that the results would not apply to other age 
groups, such as those of children or senior citizens. In line with this study’s focus on use in education, determining if 
the results hold true for younger students, perhaps aged 4 to 11 in elementary school, and then another age group for 
students in high school, is essential.
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